Within the independent-electron approximation, the perturbation-theory expression for the second hyperpolarizability y can be written as a sum over two classes of terms: electron-hole (e-h) pair migration terms, which involve only singly excited states, and terms involving doubly excited states. In the long-chain limit, this separation of terms corresponds to the two integrals in the band-theory expression for y. In polyacetylene, the e-h pair migration terms are dominant with the doubly excited states accounting for a 20% decrease in y. On inclusion of electron correlation, tightly bound excitons are formed and the terms in the perturbation-theory expression for y can be separated into two new classes: exciton migration terms and terms involving biexciton states. The exciton migration terms are explicitly evaluated using the Pariser-Parr-Pople Hamiltonian and a basis set composed of all single excitations from the Hartree-Fock ground state, i.e. , the intermediate exciton formalism. Since 98% of the optical intensity is in the lowest-energy excitons, the free electron-hole pair states can be ignored in the calculation of y. The exciton migration terms are similar in magnitude to the e-h pair migration terms of Hiickel theory, provided that the Huckel parameters are adjusted to give the same long-chain band gap as that obtained in exciton theory. This may account for the success of Huckel theory in predictions of y for long chains. The contribution from the biexciton states is not evaluated.
I. INTRODUCTION
Polyacetylene and other conjugated organic polymers exhibit large third-order nonlinear optical susceptibilities, y. ' The origin of this nonlinearity is the delocalization of the m. electrons and Huckel theory, the simplest theory for delocalized electrons, does predict a large y for polyacetylene.
However, electron correlation is known to play an important role in the photophysics of polyenes and the effects of electron correlation on the nonlinear optical properties is an area of active research. A great deal is known about the effects of electron correlation on the lowest states of polyenes. The following is a brief summary.
In independent electron theories, such as Huckel theory or the Su-Schriefer-Heeger (SSH) Hamiltonian, the band gap is due entirely to the alternation between single and double bonds (Es =2~Pz -P&~) . However, even for carbon chains without bond alternation, electron repulsion leads to a substantial band gap. ' Both theoretical' ' (3) and (4) is useful because each class of terms corresponds to a qualitatively different process and in the long-chain limit each class is proportional to the size of the chain, N. Separating y into the first and second terms of Eq. (1) is not as useful, since in the long-chain limit, each term is proportional to X, with only the difference being proportional to N.
Furthermore, we will see below that in the infinite limit, Eqs. (3) and (4) correspond to the first and second integrals in the band-theory expression for y.
With periodic boundary conditions, the molecular orbitals are Bloch functions which can be labeled according to wave vector k. Due to the bond alternation, the unit cell consists of two identical carbon atoms and the Bloch functions can be written
where In,j ) refers to the jth carbon of the nth unit cell, 
The calculations presented below assume periodic boundary conditions for the electronic wave functions. We can use the translational symmetry to introduce a convenient notation for I and the matrix elements of any one-electron operator, 0: n n'~n -n'~~n -n'~n' -n (.),(., ) ( ., ) ( . ') ( . . ) (15) (n, j~O~n', j')=0"", , 0"", =0", In a basis in which the Pock operator is not diagonal, the matrix element between singly excited configurations is E()I'y""&= &s-IFlr&fi, b &aIFlb&5", -
The Wannier function for the conduction band is ob- (29) The average, root mean square (rms), separation between the electron and hole is defined as
The dipole moment matrix elements in the exciton basis are related to Fourier transforms of Eqs. (9) and (10): (30) The contribution to y from the exciton migration terms is given by the following formula: Since polyacetylene is an alternant hydrocarbon, the one-electron energy levels exhibit particle hole symmetry.
[For each valence-band (Fig. 10) .
From the K = (2rrIN) Fig. 9 ). For rings with more than 30 unit cells, 98%%uo of the intensity between the lowest-energy K =(2m/N)+ exciton and all of the K =0 states is in the transition to the lowest-energy K=0 exciton (see Fig. 10 ). The same is true of the K = [2(2n. /N)] states.
Since the lowest-energy excitons carry almost all of the optical intensity, the other states can be ignored in the perturbation-theory expression for y. From the K =(2n IN)+ exciton, there will also be intensity to biexciton states. Since these states cannot be described within a basis of singly excited configurations, they do not appear in these calculations.
In order to compare the results from the exciton calculation with those from Huckel theory, the Huckel theory transfer integrals were adjusted so that the long-chain 
